Aims: To evaluate how well people in the night-time economy can assess their own breath alcohol concentration (BrAC), in the context of a change in breath alcohol limits for driving. Methods: We conducted a field study of 242 participants over 5 nights in the central business district of a university town in New Zealand. Participants completed a short survey, which included questions on their self-reported level of intoxication and the self-estimated BrAC. At the conclusion of the interview each participant was breath-tested. We compared actual and self-estimated BrAC using a scatter plot and multiple regression methods. Results: The average BrAC error was 61.7 μg/l, meaning that on average participants overestimate their BrAC. Participants with a BrAC below 487 μg/l tended to overestimate their BrAC on average, and those with a BrAC above 487 μg/l tended to underestimate their BrAC on average. Regression results supported this observation, but also found that men who are not 'out on a typical night' overestimate their BrAC by more. Conclusions: Drinkers in this naturalistic setting have little idea of their level of intoxication, as measured by BrAC. However, this uncertainty may be advantageous to public health outcomes, since if drinkers are uncertain about their level of intoxication relative to the legal limit, this may lead them to avoid drunk driving. Short Summary: A field study of drinkers in the night-time economy of a New Zealand university town was conducted to evaluate how well drinkers can assess their breath alcohol concentration (BrAC). Drinkers in this setting inaccurately estimate their intoxication, and those with higher BrAC tended to underestimate their BrAC on average.
INTRODUCTION
Despite decades of health promotion activities, heavy intoxication and drunk driving remain significant sources of health and economic burden (World Health Organization, 2013) . Almost all countries have laws against drunk driving (notable exceptions include Kenya and several other countries in Africa). Drunk driving laws are based on an objective standard for blood alcohol concentration (BAC) or breath alcohol concentration (BrAC), against which a sample (of blood or breath, respectively) is measured. Guidelines are typically provided for drinkers, which provide some indication of how many 'standard drinks' can be safely consumed over some time period while avoiding exceeding the legal limit for driving. For example, Hospitality New Zealand note that the 'rule of thumb for men is three standard drinks over 2 h (3 over 2), and for women two standard drinks over 2 h (2 over 2)' (http://www.hospitalitynz.org.nz/ industry/know-your-limit.html).
Impairment of driving ability begins at very low levels of intoxication (Moskowitz and Burns, 1990; Mann, 2002) , but precisely how the consumption of alcohol translates into BAC or BrAC is complex, and depends on a variety of event-and individual-specific factors such as whether food has been consumed (Ramchandani et al., 2001) , drinking history (Lewis et al., 1995) , and body water content, which is in turn affected by factors such as gender (Baraona et al., 2001) , age (Bielefeld et al., 2015) , height and body weight (Irwin et al. 2014) . Moreover, there is likely to be significant withinsubject variability in both peak BrAC and the time to reach this peak (Fraser et al., 1995) . This creates substantial uncertainty for drinkers in terms of estimating their own BAC or BrAC levels, and in terms of a dichotomous decision about whether they are legally allowed to drive (Williams, 1991) . This uncertainty is exacerbated because self-perceived alcohol impairment (e.g. in terms of ability to drive) is imperfectly related to BAC or BrAC (Beirness, 1987; Wicki et al., 2000) , and because the accuracy of BAC or BrAC estimates tends to decrease as alcohol consumption and intoxication level increase (Bullers and Ennis, 2006) .
Drinkers use a combination of internal cues (e.g. physical and emotional states) and external cues (e.g. number of drinks consumed) to estimate their level of intoxication (Williams and Burroughs, 1995) , and the importance of cues depends on situation (Williams and Burroughs, 1994) . External cues may be hampered by poor recall, especially while intoxicated (Hustad and Carey, 2005) , and internal cues may be affected by whether the drinker is on the ascending or descending arm of the alcohol exposure curve (Addicott et al., 2007) . Moreover, drinkers can easily be misled by their past experiences of intoxication associated with pre-drinking or drinking in bars, and expect their level of intoxication to be high as a result (Laberg, 1986; Williams, 1991) . Despite this, people are often more accurate in estimating their level of impairment than in estimating their BAC level (Nicholson et al., 1994; Lewis et al., 1995) .
Several studies investigate discrepancies between actual BAC and BAC modelled using self-reported or observed consumption data (Hustad and Carey, 2005; Clapp et al., 2006 Clapp et al., , 2009 . Fewer studies consider discrepancies between actual and self-estimated BAC. In a recent review, Aston and Liguori (2013) summarized the literature on self-estimation of BAC. They noted that experimental (laboratory) studies have demonstrated that people have difficulty in estimating their own BAC or BrAC level (Shapiro et al., 1980; Martin et al., 1991) . More recent studies have shown similar results (Corazzini et al., 2014) . However, such laboratory-based studies have been criticized for low ecological validity (Fromme et al., 1997) , small sample sizes, and lack of a control group (Aston and Liguori, 2013) . This suggests that these studies may not necessarily translate into more naturalistic settings such as the night-time economy, which Wickham (2012, p. 3) defines as 'economic activity which occurs between the hours of 6 pm and 6am and involves the sale of alcohol for consumption on-trade (e.g. bars, pubs and restaurants)'.
Field studies present a more appropriate naturalistic setting for understanding whether drinkers can correctly evaluate their own BrAC or BAC levels. In an early study, Russ et al. (1986) evaluated the accuracy of estimated BAC for 93 college-age students in Virginia, USA. They found that BAC estimates were correlated with actual BAC levels, but that the most intoxicated students were more likely to overestimate their BAC level. Other studies have found the opposite-that the most intoxicated were more likely to underestimate their BAC (Beirness, 1987; Beirness et al., 1993) . Thombs et al. (2003) surveyed 641 college students in Ohio on return to their residence hall from a night out. They found that, below an actual BAC of 70 mg/dl participants tended to overestimate their BAC, between 70 and 90 mg/dl estimates were fairly accurate, and above 100 mg/dl participants tended to underestimate. Regression analysis revealed that the relationship between actual and estimated BAC was stronger for men than for women. Grant et al. (2012) surveyed 225 American college students in various locations (such as exiting bars or returning to their dormitories). They also found that those with the lowest BAC levels (0.00-0.08%) slightly overestimated their BAC, while those with the highest BAC levels (0.161% and over) underestimated their BAC. Meier et al. (1987) found that more intoxicated college-aged people in a field setting tended to overreport their level of alcohol consumption, while Wicki et al. (2000) found that self-reported BrAC was consistently overreported in a group of Swiss soldiers. However, all of these studies suffer from being based on small and/or unrepresentative (e.g. college student or soldier) samples, and only Grant et al. (2012) considered differences by gender.
Williams (1991) examined a general sample of social drinkers with a reasonable sample size (n = 99) in a small southern town in the USA. They found that the least intoxicated (BAC < 0.05%) and most intoxicated (BAC > 0.10%) participants were the most accurate in assessing whether they were over the legal driving limit (0.08%). Women were found to be more accurate than men, but this may have been because their BAC levels were generally lower. However, the measure of accuracy used in that study was simply dichotomous, i.e. whether or not the participant was over the legal BAC for driving.
In this article, we report on the findings of a field study of actual and self-estimated BrAC in a university town in New Zealand, in the context of a change in the legal drink-driving limit. On 1 December 2014, New Zealand lowered the breath alcohol limit for driving from 400 to 250 μg/l. This was accompanied by a significant public information campaign (e.g. see http://www.transport.govt.nz/ land/bloodalcoholqanda/). Thus, at the time of the study, BrAC would be salient to many drinkers in New Zealand. Our study provides a number of contributions to the literature beyond the simple comparison of actual and self-estimated BrAC. First, we disaggregate our analysis by gender, which Aston and Liguori (2013) note as important for improving our understanding of BrAC estimation. Second, we avoid the use of categorical levels of BrAC by using a continuous measure. Third, we reduce the selection bias that might be introduced by surveying only subgroups of the population such as students, whose drinking behaviour differs from the population more generally, by using a street-intercept survey.
METHODS

Data collection
During November-December 2014, we conducted a field study in the central business district of a university town (population 150,000) in New Zealand. Following Miller et al. (2013) , we used a street-intercept survey approach (described below) to capture a representative sample of pedestrians active during the night-time economy. Data collection occurred between 7 pm and 2:30 am across three consecutive nights in November (Wednesday, Thursday and Friday) and 2 consecutive nights in December (Thursday and Friday). Data collection on the Wednesday evening in December was aborted due to heavy rain, and Saturday night data collection was not possible due to unavailability of research team members. The choice of dates is important, because as noted in the introduction the legal blood alcohol limit for driving was lowered from 0.08 to 0.05% on 1 December 2014.
The data were collected at a busy intersection located between two streets containing a substantial number of bars, nightclubs, eateries and restaurants, and close to taxi facilities. This intersection was selected during pre-testing and was supported by the New Zealand Police as it is an area of high foot traffic, well-monitored by police and security staff and with good lighting. While license conditions require most bars to close at 3 am, our sampling ended at 2:30 am in order to avoid the period of high congestion and elevated risk for the research team that would occur when the bars close.
Data collection was undertaken by two teams of two survey assistants, each accompanied by a senior researcher. The survey assistants administered the survey questionnaire, while senior researchers provided health and safety and coordination roles, and administered a breathalyzer test at the conclusion of each interview. Each survey team occupied a different part of the intersection, allowing for the capture of pedestrians from all directions with limited overlap. The survey team monitored foot traffic and every seventh pedestrian was offered the opportunity to participate in the survey in one of two ways: (a) by inviting them either to 'guess their breath alcohol concentration' or (b) inviting them to participate in a survey on alcohol. The former invitation was extended when the survey team member making the approach judged it likely that the potential participant had been drinking. If a potential participant declined the offer, the declined offer was noted and the count restarted. To be eligible for inclusion in the study, participants needed to be pedestrians passing through the selected intersection and aged 18 years or over. Participants who chose to take part were provided details about the survey and verbal consent was obtained.
Participants were also provided with a card including contact details of the lead researcher, and a web link to further information about the study.
Measures
The structured interviews were~2-3 min long, and collected demographic (age, gender, location of residence) data. Participants were then asked 'Would you say this is a typical night out for you', with possible responses 'Yes', 'No, I usually have bigger nights' (i.e. this night involved less drinking than a 'typical night') and 'No, I usually have smaller nights' (i.e. this night involved more drinking than a 'typical night').
Participants were also asked to self-evaluate their level of intoxication with a subjective question: 'Can you rate how intoxicated you feel right now on a scale of 0 to 10' (where 10 represented the highest level of intoxication). This was followed by the question 'The legal breath alcohol limit for drink driving will decrease (has decreased) from 400 to 250 μg of alcohol per litre of breath on the 1 December. Can you guess your breath alcohol concentration?'. Providing details of the current drunk driving limit was intended to anchor participants' estimates of their BrAC. We included both a subjective question about intoxication and self-estimated BrAC in the study, in order to test whether self-reported subjective level of intoxication was a better predictor of actual BrAC than self-estimated BrAC. Participants then had their BrAC measured by one of the senior researchers using a recently calibrated Andatech Precision+™ breathalyser (Andatech Pty Ltd., Melbourne, Australia; accuracy to ±0.005). Participants were informed that this was not a legal test, and that they should avoid driving if they had consumed any alcohol that evening. As per the breathalyser operating instructions, no breath tests were undertaken within fifteen minutes of the participant's last drink. The study methods and protocols were approved by the Waikato Management School Human Research Ethics Committee, as well as the local New Zealand Police alcohol harm reduction officer.
BrAC was measured in terms of micrograms of alcohol per litre of breath (μg/l), in line with testing practices of New Zealand Police. Non-zero measurements of <50 μg/l were assumed to be 25 μg/l, due to limitations of the breathalyser in measurement for very low BrACs. Excluding these observations makes no qualitative differences in sign or significance to our results (compare Supplementary Online Material, Tables S2 and S3, with Tables 1 and 2 ). The level of BrAC error was calculated by subtracting the actual measured BrAC level for each participant from their subjectively estimated BrAC. A positive value of 'BrAC error' denotes an overestimate by the participant and a negative value denotes an underestimate.
Data analysis
The data were analysed by first plotting the estimated and actual BrAC values in a scatter plot to visualize differences between estimated and actual values. The factors associated with BrAC error were then evaluated using simple and multivariate ordinary least squares (OLS) regression, with BrAC error as the dependent variable and a threshold for statistical significance of P < 0.05. In multivariate analyses, explanatory variables included individual-specific variables (gender, age, age squared, whether the person was a local resident), night-specific variables (day of the week, and month), and event-specific variables (actual BrAC reading, self-reported level of intoxication, and whether the participant considered this was a 'typical night out'). The inclusion of both age and age squared allows the effects of age in the analysis to be non-linear. Quantitative analyses were conducted in Stata v13.
RESULTS
In all, 337 pedestrians answered the survey, of which 247 (73.3%) had consumed alcohol on that day. A further five observations (1.5%) were lost due to incomplete data or overestimated BrAC by more than 1000 μg/l, resulting in a final sample of 242. The sample included 78 women (32.2%) and 164 men (67.8%). The average age was 27.7 years (SD = 11.2), 27.2 for women (SD = 11.7) and 27.9 for men (SD = 11.0). The average BrAC reading was 318.0 μg/l (SD = 241.2; range: 0-994), 237.7 μg/l for women (SD = 191.0; range: 0-697) and 356.2 μg/l for men (SD = 253.5; range: 0-994). This difference in BrAC reading by gender was statistically significant (P < 0.001). The average estimated BrAC was 379.7 μg/l (SD = 239.9; range: 0-1400), 313.2 μg/l for women (SD = 194.6; range: 0-800) and 411.3 μg/l for men (SD = 253.1; range: 0-1400). This difference in estimated BrAC by gender was statistically significant (P = 0.003). The average BrAC error was 61.7 μg/l (SD = 204.7; range: −834 to +560), denoting that on average participants overestimate their BrAC, by an amount equivalent to about one quarter of the new (lower) legal drink-driving limit for New Zealand (250 μg/l). For women, the average BrAC error was 75.5 μg/l (SD = 191.5; range: −452 to +483) and for men was 55.1 μg/l (SD = 210.9; range: −834 to +560). This difference was not statistically significant (P = 0.47). Figure 1 charts the estimated and actual BrAC for the sample. Each dot in the scatter plot represents one observation of actual and self-estimated BrAC. The solid 45°line represents what would be a perfectly accurate estimate, with observations above this line representing overestimates and observations below this line representing underestimates. The dashed line is the linear trend line for all observations, and its upward slope suggests a positive correlation between estimated and actual BrAC (Pearson's r = 0.64). Those below a BrAC of 487 μg/l tend to overestimate their BrAC on average and those above 487 μg/l tend to underestimate their BrAC on average. A simple linear regression model (equivalent to the trendline in Fig. 1 ) confirms this (not shown). Separate simple linear regression models for men and women suggest that this 'switching point' (the point where BrAC estimates on average switch between overestimation and underestimation) occurs at a BrAC of 515 μg/l for men and 394 μg/l for women. Table 1 shows the results of three multivariate OLS regression models. The dependent variable for each model is BrAC error. Model 1 shows the results for the full sample, while Models 2a and 2b restrict the sample to women and men, respectively. In all models, actual BrAC has a negative and statistically significant relationship with BrAC error, meaning that drinkers with higher BrAC were more likely to underestimate their actual BrAC Table 2 shows the results of two multivariate OLS regression models, where we separately evaluate self-rated intoxication and estimated BrAC as predictors of actual BrAC. In these models, the control variables are the same as those in Table 1 (full regression  results are shown in Supplementary Online Material, Table S1 ). The key variables of interest are self-estimated BrAC (in Model 3a) and self-reported level of intoxication (in Model 3b). Both self-estimated BrAC (β = 0.554, 95% C.I. = (0.452, 0.656)) and self-reported level of intoxication (β = 50.03, 95% C.I. = (39.88, 60.18)) are positively and statistically significantly associated with actual BrAC. However, comparing the adjusted R-squared values across these two models suggests that self-estimated BrAC may be a slightly better predictor of actual BrAC than self-reported level of intoxication (0.47 vs. 0.45), although this difference is not statistically significant (Vuong (1989) likelihood-ratio test, P = 0.586).
DISCUSSION
This study builds on the important and underresearched area of the accuracy of self-assessed intoxication relative to objectively measured BrAC. Our results, based on a street-intercept survey of a sample of all pedestrians in a naturalistic setting, demonstrate that drinkers cannot accurately estimate their BrAC. On average, they tend to overestimate their BrAC, by an amount equivalent to about one quarter of the new legal drink-driving limit for New Zealand Table S1 ). Robust 95% confidence intervals in parentheses.
(250 μg/l). The degree of overestimation was similar for men and women, despite men being more intoxicated on average.
BrAC error was positive (an underestimation) for those who had lower actual BrAC, but negative (an overestimation) for those with higher actual BrAC. These findings confirm those found in previous field studies ( Thombs et al., 2003; Grant et al., 2012) , and may arise because participants overestimate when they are still in the ascending arm of the blood alcohol curve (Jones et al., 1997) . However, unlike previous studies we estimate the actual BrAC level above which underestimation occurs on average, being a BrAC of 515 μg/l for men and 394 μg/l for women.
Policymakers may be concerned that intoxicated people underestimate their BrAC level and may be tempted to drive when over the legal limit for driving. Our results suggest that underestimation occurs on average at levels close to double the new legal limit for driving (250 μg/ l). This suggests that underestimation may not be a serious policy consideration as drivers at that level of intoxication are much less likely to be misled about whether they are legally allowed to drive. In contrast, people whose BrAC is close to the legal limit on average overestimate their BrAC. This may be because participants were particularly concerned about underestimating their BrAC due to the change in the legal breath alcohol limit for driving. However, in settings where the legal limit for drunk driving is higher (such as in New Zealand prior to December 2014, where the limit was 400 μg/l), drunk driving (as legally defined) arising as a result of the inability of people to judge their level of intoxication relative to the limit may be more of an issue. Our survey suggests that drunk driving was not a serious problem for this sample. When asked about transport intentions at the end of the night, none of the drinkers in our sample suggested that they would be driving home. This must be seen in the context of the recent legal change that may have made people more averse to the risk of being caught drunk driving, or it may represent social desirability bias in the responses. Moreover, it is possible that participation in the survey had a direct effect on participants' driving intentions, given that during the survey they were reminded of the change in the legal limit for driving.
BrAC error was higher (a greater overestimate) for men who reported that this was not a 'typical night' for them, than for those who did not report this. Previous literature identifies that situational cues are important for people to evaluate their level of intoxication (Williams and Burroughs, 1994) and our results support that view, but only for men. Surprisingly, this was the case regardless of whether they were consuming more, or less, than they would on a typical night. The statistical insignificance of this variable for women may have arisen because of the smaller sample size for women, leading to reduced statistical power. However, we note that the size of the standard errors and confidence intervals were similar for men and women (see Model 2a and 2b in Table 1 ).
Controlling for actual BrAC reading, people with a higher selfreported level of intoxication (on a 0-10 scale) overestimated their BrAC reading by more than those with a lower self-reported level of intoxication. This is unsurprising, since how intoxicated a person feels is likely to be a primary indication to themselves of their BrAC level. These results have implications for clinical and alcohol service contexts. Drinkers in the current study were shown to have poor ability to estimate their intoxication level. As such, clinical interventions which are designed to reduce risky drinking behaviour may seek to encourage drink-counting practices and awareness of contextual drinking cues, rather than relying on the individuals' subjective perception of their intoxication as a cue to stop drinking. Likewise, these results further emphasize the importance of consistent and adequately enforced Responsible Service of Alcohol practices. When it is considered that participants in the current study were more likely to underestimate their intoxication at high BrAC levels, the responsibility for safe consumption behaviour becomes increasingly that of the service provider.
Our study has several limitations. First, we did not objectively measure alcohol impairment, which should be the primary variable of interest because it more directly relates to, for example, impaired driving ability. Future studies could usefully include measures of observable impairment such as slurred speech, or difficulty walking or standing, to complement subjective and objective measures of intoxication. Second, our subjective measure of self-rated intoxication could have been interpreted differently by different participants. Future studies might consider anchoring such measures of self-rated intoxication by providing participants with guidance on characteristics of self-perceived intoxication corresponding to levels of the subjective measure. Third, with the exception of measured BrAC, our results are based on self-reports and may be subject to response bias. Fourth, we report significant differences in BrAC error between men and women after controlling for night-level, event-level and other individual-level variables, but our results are silent on the reasons for these differences. Future research should explore these differences in more detail, to identify the specific mechanisms that underlie them.
Our survey was undertaken at a time when the legal drunk driving limit was in the news because it was changing, and may have been more salient for our participants as a result. It is possible that this salience may have led to our participants overestimating their BrAC level. Based on our discussions with participants, the change in the legal drunk driving limit increased uncertainty about whether participants were too intoxicated to drive, and in some cases dissuaded them from driving. The qualitative question of the effect of uncertainty on driving behaviour could usefully be addressed in future research, but leads us to conclude that uncertainty is not necessarily negative. Fewer intoxicated drivers, whether through uncertainty about their level of intoxication or some other mechanism, is undoubtedly a positive outcome for society overall.
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